Objectives To describe the epidemiological characteristics of developmental delays (DD) at the national level and assess the changes over time. Design We calculated the incidence rates of DD from 2003 to 2016 and assessed the trends over time. setting As dictated by law, local governments in Taiwan are required to register children with DD and provide services. The central government has constructed a national registry with the data from local centres. We analysed the national registry data. Participants We included children who were under 6 years old, and this population ranged from 1 164 150 to 1 577 443 per year during the study period. All registered cases were certified through a process set forth by law. Primary and secondary outcome measures We calculated annual incidence rates by age, sex and geographical area, and assessed trends over the study period. results The incidence of DD in children under 6 years old displayed an increasing trend over the study period, ranging from 7.0 to 16.3 per 1000 person-years. Boys had higher incidence throughout all 14 years, and the boy-to-girl rate ratios had an increasing trend over time with some fluctuations, ranging from 1.84 (95% CI 1.77 to 1.92) to 1.99 (95% CI 1.93 to 2.06). In addition, rural areas had higher incidence rates, and the rural to urban rate ratios ranged from 0.98 (95% CI 0.94 to 1.03) to 2.00 (95% CI 1.94 to 2.06) without apparent time trends. Girls had a higher proportion of early reporting (<3 years) throughout all years, but the differences in the proportion of early reporting between rural and urban areas were not consistent. Conclusions Male sex appeared to be a risk factor for DD, which is unlikely to be due to more attention received by boys because girls had a higher proportion of early reporting. We also found that children lived in rural areas appeared to have a higher risk of having DD.
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IntrODuCtIOn
Developmental delays (DD) are generally defined as a child does not reach expected developmental milestones at the age. 1 Although DD are prevalent among children, data on its incidence at the national level are limited. For the identification of risk factors, incidence data are generally more useful than prevalence data. However, the majority of previous studies on DD used prevalence data, most likely because incidence data were more difficult to obtain. 2 As a result, changes in epidemiological characteristics over time are seldom assessed, because such studies would require incidence data.
A child's development is affected by many biological and environmental factors. 1 Among biological ones, male sex is a strong risk factor. 3 Many studies found that the prevalence rate for DD was higher in boys than in girls. 3 4 Also, residents of rural areas have reported more health-related problems than those of urban areas in general, 5 and this disparity might also be true for DD. However, studies on this topic are limited and have reported inconsistent results. For example, the Multiple Indicator Cluster Survey conducted by the United Nations Children's Fund in countries with low and middle incomes did not observe consistent results in strengths and limitations of this study ► The Taiwanese registry of children with developmental delays includes only new cases, which provides incidence data that are rarely available at the national level. ► The law in Taiwan mandates the reporting of cases, which minimises under-reporting. ► Using nationwide registry data, this study has a large sample size, with a population of more than one million each year. ► The duration of data collection in this study was 14 years, and the assessment of time trends over such a long period of time at the national level has rarely been achieved in previous studies. ► The major limitation of our study is that the government does not release data on individual cases, which make it impossible to conduct the analysis in further detail.
Open Access terms of differences between rural and urban areas across various countries. 6 Under the Children Welfare Law, local governments in Taiwan have established Early Intervention Reporting and Referral Centers (EIRRCs) to register and provide services to children with DD. 7 The Children and Youth Welfare Law also mandates that institutions of welfare, education and medicine report all children with suspected DD to the EIRRC. 8 Using data collected at the EIRRCs, the central government has constructed a national registry of children with DD. This registry provides researchers with a unique resource with which to conduct nationwide epidemiological studies. In a previous study, we analysed the national registry data from 2003 to 2008. 2 However, since it is difficult to precisely evaluate the trends of incidence with only 6 years' worth of data, we extended the time range from 2003 to 2008 to a 14-year period until 2016 as more data became available. This better suited our purposes of studying epidemiological characteristics of incident cases of DD and assessing time trends.
MethODs

Case definition
The Enforcement Rules of the Children and Youth Welfare Law of Taiwan 9 defined DD as 'allegedly or expected abnormal development in respect of cognitive development, physiological development, language and communication development, psycho-social development or self-governing skills that have been judged and confirmed by the accredited medical institutes under health authority.' In order to be registered as a case of DD, the child requires an assessment performed by a physician at an accredited hospital or by a trained social worker in an EIRRC, 10 who generally used the Taipei City Developmental Checklist for Preschoolers, Second Version as the assessment tool. 11 
Data collection
The EIRRCs collect data on newly reported cases and report such cases to the central government, which maintains a registry of cases and publishes a yearbook each year. Before the reorganisation of the government in 2013, the registry was maintained by the Ministry of the Interior. After 2013, this responsibility fell to the Ministry of Health and Welfare. This yearbook includes the total numbers of newly reported cases by age at reporting, sex and area. 12 We analysed the data from 2003 to 2016. We divided the cases into two groups, <3 years and 3-5 years, according to the age at the time of reporting and defined the group <3 years as 'early reporting'. 13 Although the yearbook includes statistics on an age group '≥6 years,' we did not include this group in our analyses because it only includes children who have not yet entered the primary school, not all children who are 6 years of age or older.
In the stratified analyses by geographical area, we divided the administrative regions in Taiwan into two groups: 'urban areas' and 'rural areas.' An urban area is one in which more than 50% of the population live in metropolitan areas (as defined by the Directorate-General of Budget, Accounting and Statistics of Taiwan). 14 Consequently, a rural area is one in which 50% or less of the population live in metropolitan areas. In a reorganisation of administrative regions in 2011, the original Tainan City (an urban area) and Tainan County (a rural area) were merged into the new Tainan City. Data on the two original administrative regions have been unavailable since this merging, so they were both excluded from this part of the analyses.
To calculate incidence rates, we obtained data on the numbers of boys, girls and the total population in each age group for each administrative region from the Monthly Bulletin of Interior Statistics.
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Data analysis We estimated age-specific incidence rates in a given year by dividing the number of newly reported cases by the number of individuals in a specific age group. Likewise, the sex-specific incidence rates of each year were estimated by dividing the number of newly reported cases by the number of individuals of each sex. We evaluated the differences between the two sexes by using the incidence rate ratio calculated through dividing the incidence rate in boys by the incidence rate in girls. To evaluate the geographical differences, we estimated the incidence rate in rural or urban areas in each year by first dividing the number of newly reported cases by the number of individuals in each type of area and then obtaining the incidence rate ratio by dividing the incidence rate in rural areas by the incidence rate in urban areas. A 95% CI was constructed for each rate ratio to evaluate its statistical significance.
To evaluate the difference in early reporting between boys and girls, we calculated the proportion of early reporting in boys or girls each year by dividing the number of cases under 3 years of age by the number of cases under 6 years of age in each sex. We then obtained the boy-to-girl proportion ratio of early reporting by dividing the proportion in boys by the proportion in girls. A 95% CI was constructed for each proportion ratio to evaluate its statistical significance.
Likewise, to evaluate the difference of early reporting between rural and urban areas, we calculated the proportion of early reporting in rural or urban areas in each year by dividing the number of cases under 3 years of age by the number of cases under 6 years of age in each area. We then obtained the rural to urban proportion ratio of early reporting by dividing the proportion in rural areas by the proportion in urban areas. A 95% CI was constructed for each proportion ratio to evaluate its statistical significance.
We reported descriptive statistics as numbers or percentages and used linear regressions to evaluate the trends of changes in incidence rates, incidence rate ratios and proportion ratios over time. All the analyses were conducted using SAS V.9.1, and all the statistical Open Access tests were performed at the two-tailed significance level of 0.05.
results
During the study period of 2003-2016, 211 661 new cases of DD under 6 years of age were registered, and the overall incidence rate was from 7.0 to 16.3 per 1000 person-years. The rate was from 5.7 to 15.3 per 1000 person-years in children under 3 years of age and 7.9 to 18.0 per 1000 person-years in children 3-5 years of age. We observed a general increasing trend over time in all three age groups (p<0.01 for all) (table 1) .
With data on 14 years, we were able to compare the incidence among four mutually exclusive birth cohorts. Using the 2001-2003 cohort (those who were in the <3 years group in 2003) as the baseline, we observed an increasing trend in the estimated overall incidence rates in children under 6 years old. Specifically, the estimated overall incidence rate before 6 years of age was 7. The trend was similar to that observed in the year-by-year overall incidence rates.
The overall incidence rate ranged from 9.0 to 21.3 per 1000 person-years in boys and from 4.9 to 11.0 per 1000 person-years in girls. The rate was constantly higher in boys than in girls, and the boy-to-girl rate ratios had an increasing trend over time (p<0.01) with some fluctuations, ranging from 1.84 to 1.99 (table 2). All the rate ratios were statistically significant.
With the exclusion of Tainan City and County, there were 6 cities and 17 counties in Taiwan. All six cities and 5 of the 17 counties were classified as urban areas, and the remaining 12 counties were classified as rural areas. The overall incidence rate ranged from 7.2 to 25.5 per 1000 person-years in rural areas and from 6.1 to 14.7 per 1000 person-years in urban areas. The incidence rates were generally higher in rural than in urban areas, except for the year 2003, in which the rural to urban rate ratio was not statistically significant (table 3) . In other years, the ratio fluctuated from 1.10 to 2.00 and all reached statistical significance. There was no apparent trend in the changes over time.
The proportion of early reporting had an increased trend from 2003 to 2008 and then showed fluctuations afterwards (table 4). Girls had a higher proportion of early reporting than boys throughout all years, with the boy-to-girl proportion ratios ranging from 0.85 to 0.94. All the proportion ratios were statistically significant, but there was no apparent trend in the changes over time. The difference in the proportion of early reporting between rural and urban areas fluctuated over time. The rural to urban proportion ratios ranged from 0.79 to 1.19, and there was no apparent trend in the changes over the years (table 5).
DIsCussIOn
The overall incidence rate of DD in children under 6 years of age generally increased during the study period, which is consistent with the observation in our preliminary study. 2 We believe the increase cannot be attributed to an increase in the number of cases, because the major risk factors for DD such as genetic constructs, medical care and socioeconomic status 1 16 did not undergo remarkable changes over the 14 year period. In fact, there were no changes in the diagnostic and reporting criteria of DD, neither. Therefore, the Open Access increased incidence rate of DD is more likely to be due to the improvement in reporting of cases, which may be in turn attributable to the improvement in the awareness of the developmental abnormalities in children, lower discrimination against the patients, better service of the related agencies, more willingness demonstrated by parents and guardians to register their children and so on. 17 18 These were generally gradual changes, and therefore we did not observe any abrupt changes in the incidence of DD over time, indicating the lack of an obvious period effect. In addition to cases confirmed by physicians, the registry also includes cases identified by trained social workers in the EIRRCs. This would lead to overestimation of the incidence rates. However, the registry ascertains cases through reporting rather than thorough Open Access active screenings in the communities or schools, and therefore the candidates who receive the screening generally have shown certain symptoms or signs of DD which draw the attention of caregivers. Consequently, the proportion of confirmed cases in the registry is very high. Although the government never provides the statistics on the proportion of cases excluded after reporting, from our experience of running the EIRRC in the Chia-Yi City (an urban area) and Chia-Yi County (a rural area), we notice that the proportion of cases confirmed by physicians at reporting has been increasing. Therefore, the effect of overestimating Open Access the incidence should have been decreasing, and thus would not affect our conclusion of an increasing trend over time.
Since the critical period of treatment for DD is before the child reaches 3 years of age, an early diagnosis is crucial. 19 Therefore, the Taiwanese government has been promoting the reporting and intervention in cases of children with DD under 3 years of age, 2 13 when intervention procedures are most cost-effective. In fact, it is generally believed that the earlier the intervention, the better the prognosis. 20 Although we observed an increased trend in early reporting from 2003 to 2008, the trend did not persist after 2008. This might indicate that the existing measures of promotion have reached their limits of effectiveness, additional efforts and approaches are required, especially since the proportion of early reporting has never risen beyond 50%.
Previously, we used the data from the national disability registry of Taiwan, a different nationwide source of information than that used in the current study, to conduct a series of studies on major developmental disabilities, including autism spectrum disorders (ASD), intellectual disability, and speech and language disability. 17 18 21 We found that the prevalence rates were consistently higher in boys than in girls. Those developmental disabilities are all major risk factors for DD. Therefore, the finding of a higher incidence of DD in boys in the current study is compatible with the findings of our previous studies. Many theories have been proposed to explain the sex difference, including both biological and sociological factors. Biologically, the higher risk in boys is often attributed to hereditary factors such as X-linked conditions. 22 23 The central nervous system of young boys is also found to be more susceptible to damage. 22 In terms of social factors, in Asian countries, families generally display a male gender preference, and thus pay more attention to boys. 22 23 In addition, boys are more likely to demonstrate impulsive and aggressive behaviours than girls and therefore are more likely to be referred for diagnosis. 23 In this study, however, we found that girls had a higher proportion of early reporting than boys. This does not support the theory that the higher level of attention received by boys is a major factor contributing to the higher incidence rate of DD. In fact, a review of literature concluded that boys are more likely to have DD, but when such conditions arise in girls, a more severe form is usually manifest. 24 Our finding of a higher proportion of early reporting in girls is compatible with this conclusion. Furthermore, as the birth rate has been decreasing in Taiwan, 15 the difference in the attention received by boys and girls should be decreasing, but we found the sex difference had an increasing trend instead of a decreasing trend. Therefore, we believe biological factors contribute more than social factors to the sex difference in DD in early childhood.
In the preliminary study, we failed to identify the time trend in the sex difference (no significant trend in boy-togirl rate ratio). 2 The current study has the advantage of a longer follow-up period. In a separate study, which used data from the national disability registry, we found that there was a 497.30% increase in the prevalence rate of childhood ASD from 2000 to 2011 in Taiwan, which is much higher than the 54.40% increase in all reported disabilities combined. 25 In addition, the boy-to-girl ratio of ASD was found to be the highest among the major conditions contributing to DD. 4 17 Therefore, we believe the increasing trend in the boy-to-girl incidence rate ratio of DD in Taiwan can largely be attributable to the increasing trend in the number of cases of ASD.
Studies on the differences in DD between rural and urban areas are limited. There are relatively more data on childhood disabilities. The Multiple Indicator Cluster Survey conducted by the United Nations Children's Fund in low/middle-income countries did not observe a consistent result. 6 Munro reviewed several studies of intellectual disability in the USA and also found results to be inconsistent. 23 A nationwide study of childhood disability in China, however, found a higher prevalence rate in rural areas, 26 which is consistent with our finding on DD in this study. Moreover, according to the national disability registry of Taiwan, some major childhood disabilities leading to DD, including intellectual disability and speech and language disability, 18 21 as well as all disabilities combined 27 were more prevalent in rural areas. While the lower socioeconomic status of rural residents in Taiwan should be a major factor, 28 29 the difference might also be explained by environmental factors such as lower quality of child care, lower parental education, and limited educational and cultural opportunities. 5 22 30 The registry of children with DD in Taiwan has some unique features. First of all, it included new cases only, which provides incidence data that are rarely available at the national level and are more reliable for identifying risk factors. 31 Second, Taiwanese law mandates that cases be reported, and therefore, instances of under-reporting are rare. The registry also has the advantage of a large number (more than 200 000) of cases. Lastly, the duration of data collection is long, which makes assessing time trends possible.
The major limitation of our study is that the government does not release data on individual cases, and therefore we were unable to conduct more detailed analyses. For example, while we believe the increasing trend in the boy-to-girl incidence rate ratio of DD can largely be attributable to the increasing trend in the number of cases of ASD, we could not perform analyses to verify this. Likewise, we were unable to adjust for the geographical difference while evaluating the effects of sex or age, or study the interaction between sex and geographical difference. In addition, the government does not provide data on the prevalence of DD, and therefore we were unable to study the prevalence of DD directly. Nonetheless, a study that used the National Health Insurance Research Database of Taiwan to estimate the prevalence of DD in children aged 0-6 years and found that the prevalence gradually increased from 0.16% to 3.25% from 1997 to 2008. 32 Even
Open Access though the case definition was not exactly the same as in the current study and the source of information was different, the study also observed an increasing trend in the annual prevalence and a higher risk in boys than in girls. Geographical differences were not evaluated in that study. Our study is also limited by the range of age under observation. A likely reason of observing a significant increasing trend in the incidence without a remarkable actual increase in the number of cases is that there was a trend of cases being diagnosed (and thus reported) at an earlier age. Although this hypothesis can be tested by evaluating if there was a decreasing trend in the order population, such as 6-12 years old, we did not include cases diagnosed later than 6 years old because the registry only includes cases who had not yet entered the primary school, not all the cases. In the current study, we adopted the 'administrative' data from a national registry which obtains the information on all persons receiving or qualifying for the services, and such an approach was found to generally result in underestimation because it does not include persons who do not receive or not qualify for the services. 33 However, the administrative data we used have the advantage of providing information on incidence. Although incidence data are preferable to prevalence for investigating risk and aetiology, such data on DD are rare, and therefore epidemiology of DD has generally to be inferred from cross-sectional data. 31 It has been proposed that incidence data need to be obtained by longitudinal studies from conception or birth to death. 31 Whereas our study did not apply an active case ascertainment approach such as a house-by-house screening survey, it is a longitudinal study that followed the population from birth and thus can provide the incidence data that some researchers once believed to be unattainable in any population. 31 
COnClusIOns
The incidence rates of young children with DD have been increasing in Taiwan, which is likely to be attributable to improvements in the reporting of cases. The incidence rates are higher in boys than in girls, which is unlikely to be due to more attention received by boys because girls had a higher proportion of early reporting. In addition, the boy-to-girl rate ratio has an increasing trend over the years, and we believe the increasing number of cases of ASD is an important factor. Rural areas had higher incidence than urban areas, which calls for further studies to identify the contributing factors.
